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NONVOLATILE SEMICONDUCTOR 
MEMORY DEVICE FOR STORING 
MULTIVALUED DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 
11-266085, filed Sep. 20, 1999, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to a nonvolatile semiconductor 
memory device capable of storing, for example, multivalued 
data. 

A NAND flash memory using an EEPROM has been 
proposed as an electrically rewritable nonvolatile semicon- 
ductor memory. In the NAND flash memory, the sources and 
drains of memory cells arranged side by side are connected 
in series and the series connection of the memory cells is 
connected as one unit to a bit line. In the NAND flash 
memory, all or half of the cells arranged in the direction of 
row are written into or read from all at once. Recently, a 
multivalued memory that enables data items to be stored in 
one cell in a NAND flash memory has been developed. 

FIG. 3 shows the relationship between the data in a 
memory cell in an ordinary multivalued memory and the 
threshold voltage of the memory cell. The data items in a 
memory cell, or state "0" to state "3", are defined in 
ascending order, starting from the lowest threshold voltage 
of the memory cell. When erasing is done, the data in the 
memory cell goes to state "0". A write operation causes the 
threshold voltage of the cell to move to a higher level. When 
2-bit data is stored in a single cell, the 2-bit data is separated 
into first-page data and second-page data. The first-page data 
and second-page data are switched using an address. 

FIG. 4 shows a general method of writing data into a 
multivalued memory. When data is written into a memory 
cell, the first-page data is written. Then, the second-page 
data is written. When the write data constituting the first- 
page or second-page data is "Y\ the threshold voltage of the 
memory cell does not change in the write operation, with the 
result that the data in the memory cell remains unchanged. 
Namely, the data is not written. When write data constituting 
the first-page or second-page data is "0", the threshold 
voltage of the memory cell is changed in the write operation. 
As a result, the data in the memory cell is changed, causing 
the data to be written. 

It is assumed that the data in the memory cell in the erased 
state is in state "0". First, the first-page data is written into 
the memory cell. When the write data is "1", the data in the 
memory cell remains in state "0". When the write data is "0", 
the data in the memory cell goes to state "1". 

Next, the second-page data is written. At this time, when 
write data "0" is externally supplied to the memory cell 
whose data has become state "1" as a result of the first-page 
write operation, the data in the memory cell is brought into 
state "3". Moreover, when data "0" is externally supplied to 
the memory cell whose data has remained in state "0" as a 
result of the first-page write operation, the data in the 
memory cell is brought into state "2". 

Furthermore, when data "1" is externally supplied to the 
memory cell whose data has become state "1" as a result of 
the first-page write operation, the data in the memory cell is 
allowed to remain in state "1". In addition, when data "1" is 
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externally supplied to the memory cell whose data has 
remained in state "0" as a result of the first-page write 
operation, the data in the memory cell is allowed to remain 
in state "0". 

5 On the other hand, when the data stored in the memory 
cell is read, the second-page data is read first and the 
first-page data is read. With the definition of FIG. 3, when 
the second-page data is read, if the data in the memory cell 
is in state "0" or state "1", the read-out data will be "1". 
10 Furthermore, if the data in the memory cell is in state "2" or 
state "3", the readout data will be "0". For this reason, when 
the second-page data is read, a judgment can be made 
through only one operation of judging whether the data in 
the memory cell is in either state "1" or below or state "2" 
15 or above. 

In contrast, when the first page data is read, if the data in 
the memory cell is in state "0" or state "2", the data to be 
read will be "1". If the data in the memory cell is in state " 1" 
or state "3", the data to be read will be "0". Consequently, 
20 the first page requires a total of three read operations for the 
following judgments: a judgment whether the data in the 
memory cell is in either state "0" or state "1" or above, a 
judgment whether the data in the memory cell is in either 
state "1" or below or state "2", or above, and a judgment 
25 whether the data in the memory cell is in either state "2" or 
below or state "3". 

Therefore, an ordinary nonvolatile semiconductor 
memory device requires many operations in reading the data 
30 from the memory cells, taking a long time to read the data. 

BRIEF SUMMARY OF THE INVENTION 

It is, accordingly, an object of the present invention to 
overcome the above disadvantage by providing a nonvolatile 
35 semiconductor memory device capable of reducing the 
number of operations in reading data and shortening the data 
read time. 

The foregoing object is accomplished by providing a 
nonvolatile semiconductor memory device comprising: a 
40 memory element which is connected to a bit line and a word 
line and stores one of state "0", state "1", state "2", and state 
"3" of data that differ in threshold voltage; a data storage 
circuit which is connected to the bit fine and stores not only 
data of a first or a second logical level externally supplied 
45 but also the data of the first or second level read from the 
memory element; and a control circuit which controls not 
only the potential on the bit line and that on the word line but 
also the operation of the data storage circuit, wherein the 
control circuit operates in such a manner that in a first 
50 operation, the control circuit changes the data in the memory 
element from the state "0" to state "1" when the data in the 
data storage circuit is data of the first logical level and keeps 
the data in the memory element in the state "0" when the 
data in the data storage circuit is data of the second logical 
55 level, that in a first verify operation of verifying whether the 
data has reached state "1", the control circuit brings the data 
in the data storage circuit to the second logical level when 
the data in the data storage circuit is at the first logical level 
and the data has reached state "1", keeps the data in the data 
60 storage circuit at the first logical level when the data has not 
reached state "1", keeps the data in the data storage circuit 
at the second logical level when the data in the data storage 
circuit is at the second logical level, and carries out the first 
operation until the data in the data storage circuit has 
65 reached the second logical level, and that in a second 
operation, the control circuit changes the data in the memory 
element from state "1* to state "2" when the data in the data 
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storage circuit is data of the first logical level externally 
supplied and the data in the memory element is in state "1", 
and changes the data in the memory element from state "0" 
to state "3" when the data in the memory element is in state 

"0". 

The foregoing object is further accomplished by provid- 
ing a nonvolatile semiconductor memory device compris- 
ing: a memory element which is connected to a bit line and 
a word line and stores one of state "0", state "1", state "2", 
and state "3" of data that differ in threshold voltage; a first 
storage circuit which is connected to the bit line and stores 
data of a first or a second logical level externally supplied; 
a second storage circuit which is connected to the bit line 
and stores the data of the first or second level read from the 
memory element; and a control circuit which controls not 
only the potential on the bit line and that on the word line but 
also the operation of the first and second storage circuits, 
wherein the control circuit operates in such a manner that in 
a first operation, the control circuit changes the data in the 
memory element from state "0" to state "1" when the data 
in the first data storage circuit is data of the first logical level 
and keeps the data in the memory element at the state "0" 
when the data in the first storage circuit is data of the second 
logical level, that in a first verify operation of verifying 
whether the data has reached state "1", the control circuit 
brings the data in the first storage circuit to the second 
logical level when the data in the first storage circuit is at the 
first logical level and the data has reached state "1", keeps 
the data in the first storage circuit at the first logical level 
when the data has not reached state "1", keeps the data in the 
first storage circuit at the second logical level when the data 
in the first storage circuit is at the second logical level, and 
carries out the first operation until the data in the first storage 
circuit has reached the second logical level, that in a second 
operation, the control circuit stores the data read from the 
memory element into the second storage circuit, changes the 
data in the memory element from state "1" to state "2" when 
the data in the first storage circuit is data of the first logical 
level externally supplied, changes the data in the memory 
element from state "0" to state "3" when the data in the 
memory element is in state "0", and keeps the data in the 
memory element when the data in the memory element is 
data of the second logical level, that in a second verify 
operation of verifying whether the data in the memory 
element has reached state "2", the control circuit brings the 
data in the first storage circuit to the second logical level 
when the data has reached state "2" in a case where the data 
in the first storage circuit is at the first logical level and the 
data in the memory element is in state "1" before the second 
operation is carried out, keeps the data in the first storage 
circuit at the first logical level when the data has not reached 
state "2", and brings the potential on the bit line to which the 
memory element is connected to the first logical level and 
the data in the first storage circuit to the first logical level 
when the data in the second storage circuit is at the second 
logical level in a case where the data in the memory element 
is in state "0" before the second operation is carried out, and 
that in a third verify operation of verifying the data has 
reached state "3", the control circuit brings the data in the 
first storage circuit to the second logical level when the data 
in the first storage circuit is at the first logical level and the 
data has reached state "3", keeps the data in the first storage 
circuit at the first logical level when the data has not reached 
state "3", keeps the data in the first storage circuit at the 
second memory logical level when the data in the first 
storage circuit is at the second logical level, and carries out 
the second operation and second and third verify operations 
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until the data in the first storage circuit has reached the 
second logical level. 

The foregoing object is further accomplished by provid- 
ing a nonvolatile semiconductor memory device compris- 
5 ing: a memory element which is connected to a bit line and 
a word line and stores one of an n number of data items made 
up of state "0", state "1", . . . , state "n" (3 in where n is a 
natural number); a data storage circuit which stores data of 
a first or a second memory logical level externally inputted; 
io and a control circuit which controls not only the potential on 
the bit line and that on the word line but also the operation 
of the data storage circuit, wherein the control circuit, in a 
final write operation, brings state "0" of the smallest data 
stored in the memory element into state "n" of the largest 
is data. 

The foregoing object is further accomplished by provid- 
ing a nonvolatile semiconductor memory device compris- 
ing: a memory element which is connected to a bit line and 
a word line and stores one of state "0", state "1", state "2", 
20 and state "3" of data that differ in threshold voltage; a data 
storage circuit which is connected to the bit line and stores 
the data read from the memory element; and a control circuit 
which controls not only the potential on the bit line and that 
on the word line but also the operation of the data storage 
25 circuit, wherein the control circuit operates in such a manner 
that in a first read operation, the control circuit sets data of 
a first logical level in the data storage circuit when the data 
in the memory element is in either state "0" or state "1", and 
sets data of a second logical level in the data storage circuit 
30 when the data in the memory element is in either state "2" 
or state "3", and that in a second read operation, the control 
circuit sets data of the first logical level in the data storage 
circuit when the data in the memory element is in either state 
"0" or state "3", and sets data of the second logical level in 
35 the data storage circuit when the data in the memory element 
is in either state "1" or state "2". 

With the present invention, the number of operations in 
reading the data can be reduced, which makes it possible to 
provide a nonvolatile semiconductor memory device 
40 capable of shortening the time required to read the data. 
Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
45 of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particularly pointed out hereinaf- 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
50 VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with 
the general description given above and the detailed descrip- 
55 tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 shows a method of writing four-valued data 
according to a first embodiment of the present invention; 
60 FIG. 2 shows the relationship between the data in a 
four-valued memory cell and the data to be written and read 
in the first embodiment; 

FIG. 3 shows the relationship between the data in a 
general multivalued memory and the data to be written and 
65 read; 

FIG. 4 shows a method of writing data into a general 
multivalued memory; 
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FIG. 5 shows a writing characteristic of a step-up writing 
method; 

FIG. 6 shows the number of writes in the method of FIG. 

3; 

FIG. 7 shows the number of writes in the present inven- 
tion; 

FIG. 8 is a schematic block diagram showing the con- 
figuration of a nonvolatile semiconductor memory device 
according to the present invention; 

FIG. 9 is a circuit diagram showing the configuration of 
the memory cell array and bit-line control circuit; 

FIGS. 10A and 10B are sectional views of a memory cell 
and a select transistor; 

FIG. 11 is a sectional view of a NAND cell in the memory 
cell array; 

FIG. 12 is a circuit diagram of an example of the data 
storage circuit shown in FIG. 9; 

FIG. 13A is a flowchart for the operation of a first-page 
program and FIG. 13B is a flowchart for the operation of a 
second -page program; 

FIG. 14 is a waveform diagram showing the operation 
sequence in the first-page program; 

FIG. 15 is a table to help explain a program verify 
operation; 

FIG. 16 is a waveform diagram to help explain the 
operation sequence of the first-page verify read and that of 
the second-page second verify read; 

FIG. 17A shows the operation in loading the internal data, 

FIG. 17B shows the operation of the second-page first 
verify read, and 

FIG. 17C shows the operation of the second-page second 
verify read; 

FIG. 18 is a waveform diagram showing the sequence in 
loading the internal data; 

FIG. 19 is a waveform diagram showing the sequence for 
the second-page first verify read; 

FIG. 20 is a table to help explain the operation of the 
second page read; 

FIG. 21 A is a table to help explain the first-page first read 
operation, and 

FIG. 21B is a table to help explain the first-page second 
read operation; 

FIG. 22 is a waveform diagram showing the operation 
sequence for the second page read; 

FIG. 23 is a waveform diagram showing the sequence for 
the first-page first and second read operations; 

FIG. 24 is a table showing the relationship between the 
data in an eight-valued memory cell and the data to be 
written and read in a second embodiment of the present 
invention; 

FIG. 25 shows a method of writing eight-valued data in 
the second embodiment; and 

FIG. 26 shows a method of writing n-valued data accord- 
ing to a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, referring to the accompanying drawings, 
embodiments of the present invention will be explained. 
(First Embodiment) 

The principle of a first embodiment of the present inven- 
tion will be explained. FIGS. 1 and 2 show the relationship 
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between the data in a memory cell and the threshold voltage 
of the memory cell. The data items in a memory cell, or state 
"0" to state "3", are defined in ascending order, starting from 
the lowest threshold voltage of the memory cell. When 
5 erasing is done, the data in the memory cell goes to state "0". 
A write operation causes the threshold voltage of the cell to 
move to a higher level. 

As shown in FIGS. 1 and 2, in the memory cell according 
to the present invention, the data on the first and second 
10 pages corresponding to state "2" and state "3" differ from 
those in FIGS. 3 and 4. Specifically, when the data in the 
memory cell is in state "2", the data on the first and second 
pages are set to "0", "0". When the data in the memory cell 
is in state "3", the data on the first and second pages are set 
15 to "1", "0". When the data in the memory cell is read, the 
data on the second page is first read and then the data on the 
first page is read. 

When the data on the second page is read, if the data in 
the memory cell is in state "0" or state "1", the data to be 
20 read will be "1". If the data in the memory cell is in state "2" 
or state "3", the data to be read will be "0". As a result, the 
reading of the data on the second page is determined by only 
one judgment whether the data in the memory cell is in 
either state "1" of below or state "2" or above as shown in 
25 FIGS. 3 and 4. 

On the other hand, when the data on the first page is read, 
if the data in the memory cell is in state "0" or state "3", the 
data to be read will be "1". If the data in the memory cell is 
in state "1" or state "2", the data to be read will be "0*'. As 
50 a result, the data on the first page is read on the basis of a 
judgment whether the data in the memory cell is in either 
state "0" or state "1" or above and a judgment whether the 
data in the memory cell is in either state "2", or below or 
state "3". Namely, the data on the first page can be read by 
35 a total of two operations. 

As described above, when the data on the first page is 
read, the reading of data requires only two read operations 
in the present invention, whereas three read operations are 
An needed to read the data in FIGS. 3 and 4. 

40 

FIG. 1 shows a writing method according to the present 
invention. When data is written into a memory cell, the data 
on the first page is first written into the memory cell and then 
the data on the second page is written into the memory cell. 
45 If the write data constituting the data on the first page or the 
second page is "1", a write operation will not change the 
threshold voltage of the memory cell, with the result that the 
data in the memory cell will remain unchanged. That is, the 
data will not be written. If the write data constituting the data 
50 on the first page or the second page is "0", a write operation 
will change the threshold voltage of the memory cell, with 
the result that the data in the memory cell will change. That 
is, the data will be written. 

In the erased state, the data in the memory cell is in state 
55 "0". First, the data on the first page is written into the 
memory cell. If the write data is "1", the data in the memory 
cell into which no data is written will remain "0". If the write 
data is "0", the data in the memory cell into which the data 
is written will go to state "1". 
60 Next, the data on the second page is written. At this time, 
if the write operation of the first page causes write data "0" 
to be supplied to the memory cell whose data is in state "1", 
the data in the memory cell will be brought into state "2". In 
addition, if the write operation of the first page causes write 
65 data "0" to be supplied to the memory cell whose data is in 
state "0", the data in the memory cell will be brought into 
state "3". 
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Furthermore, if the write operation of the first page causes 
write data "1" to be externally supplied to the memory cell 
whose data is in state "1", the data in the memory cell will 
be allowed to remain in state "1". Moreover, if the write 
operation of the first page causes write data "1" to be 
externally supplied to the memory cell whose data is in state 
"0", the data in the memory cell will be allowed to remain 
in state "0". 

In the case of a multivalued memory, the threshold 
voltage of the memory cell has to be controlled accurately 
according to the write data. For this reason, when the data is 
written into the memory cell, the voltage applied to the 
control gate of the memory cell is increased gradually, 
thereby writing the data. This writing method is called a 
step-up writing method. 

FIG. 5 shows a writing characteristic of the step-up 
writing method for memory cells. The ordinate axis indi- 
cates the threshold voltage of a cell and the abscissa axis 
indicates the write voltage (program voltage). 

The threshold voltage of the cell after the data has been 
erased (the data in the memory cell is in state "0") is 
assumed to be, for example, -3.5V. As described above, in 
the present invention, when the data in the memory cell is 
changed from state "0" to state "3 M , 16V is applied as an 
initial program voltage to the control gate of the cell. 
Thereafter, writing is done by increasing the write voltage in 
0.2-V steps, with the result that the threshold voltage 
increases as represented by "0"-*"3", in the figure. On the 
other hand, when the data in the memory cell is changed 
from state "0" to "1", the initial write voltage is set to 14V 
and then writing is started. The reason is that the threshold 
voltage when the data is in state "1" is 0.2V. Thus, if the 
initial write voltage were set to 16V and writing started, the 
threshold voltage would reach the threshold voltage for the 
data in state "1" between step 3 and step 4, which might 
result in an overprogram. To avoid this, the initial write 
voltage is set to 14V. 

FIG. 6 shows the number of writes in the general method 
of FIG. 3. FIG. 7 shows the number of writes in the present 
invention. 

Since the data in the memory cell is moved from state "0" 
to state "1" in writing data on the first page by both the 
method of FIG. 3 and the method of the present invention, 
the data in the memory cell can be set to the threshold 
voltage of state "1" through 13 writes. 

In writing the data on the second page, the method of FIG. 
3 requires the data in the memory cell to be moved from state 
"0" to state "2" or from state "1" to state "3". Therefore, as 
shown in FIG. 5, the initial write voltage is set to 15V and 
writing is started. As shown in FIG. 6, the number of writes 
is 13 when the data in the memory cell is moved from state 
"0" to state "2", whereas it is 16 when the data in the 
memory cell is moved from state "1" to state "3". 
Consequently, up to 16 writes are needed. 

In contrast, with the present invention, the data in the 
memory cell is moved from state "0" to state "3" or from 
state "1" to state "2". Furthermore, as shown in FIG. 5, in 
either case where the data is moved from state "0" to "3" or 
from state "1" to state "2", writing can be effected with an 
initial write voltage of 16V higher than that in the general 
method of FIG. 3. For this reason, as shown in FIG. 7, the 
number of writes is 11 when the data in the memory cell is 
moved from state "0" to state "3*' and it is 6 when the data 
in the memory cell is moved from state "1" to state "2". As 
a result, the program can be completed by a maximum of 11 
writes, reducing the number of writes as compared with the 
method of FIG. 3. 
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(Embodiment) 

FIG. 8 schematically shows the configuration of a non- 
volatile semiconductor memory device according to the 
present invention. The nonvolatile semiconductor memory 

5 device is, for example, a NAND flash memory for storing 
four values (2 bits). 

A memory cell array 1 includes bit lines, word lines, and 
common source lines. In the memory cell array 1, electri- 
cally rewritable memory cells composed of, for example, 

10 EEPROM cells are arranged in a matrix. A bit line control 
circuit 2 for controlling the bit lines and a word line control 
circuit 6 are connected to the memory cell array 1. 

The bit line control circuit 2 includes data storage circuits 
as described later and read the data in a memory cell in the 

15 memory cell array 1 via a bit line or senses the state of a 
memory cell in the memory cell array 1 via a bit line. In 
addition, the bit line control circuit 2 applies a write control 
voltage to a memory cell in the memory cell array 1 via a bit 
line, thereby writing the data into the memory cell. A column 

20 decoder 3 and a data input/output buffer 4 are connected to 
the bit line control circuit 2. A data storage circuit in the bit 
line control circuit 2 is selected by the column decoder 3. 
The data in the memory cell read into the data storage circuit 
is outputted via the data input/output buffer 4 at a data 

25 input/output terminal to the outside. 

The write data externally inputted to the data input/output 
terminal 5 is inputted via the data input/output buffer 4 to the 
data storage circuit selected by the column decoder 3. 

30 The word line control circuit 6 is connected to the 
memory cell array 1. The word line control circuit 6 selects 
a word line in the memory cell array 1 and applies to the 
word line the voltage necessary for reading, writing, or 
erasing. 

35 The memory cell array 1, bit line control circuit 2, column 
decoder 3, data input/output buffer 4, and word line control 
circuit 6 are connected to a control signal generator circuit 
la and a control voltage generator circuit lb and are 
controlled by the control signal generator circuit la and 
control voltage generator circuit lb. The control signal 
generator circuit la and control voltage generator circuit lb 
are connected to a control signal input terminal 8 and are 
controlled by a control signal inputted through the control 
input terminal 8 from the outside. Namely, the control 

45 voltage generator circuit lb generates the voltage necessary 
to program, verify, read, or erase the data and supplies the 
voltage to each section of the memory cell array 1. 

FIG. 9 shows the configuration of the memory cell array 
1 and bit line control circuit 2 of FIG. 8. The bit line control 

50 circuit 2 includes data storage circuits 310, 311 to 312111. 
The data storage circuits 310, 311 to 312111 are connected 
via column select gates 320, 321 to 322111 to the data 
input/output buffer 4, respectively, These column select 
gates 320, 321 to 322111 are controlled by column select 

55 signals CSL0, CSL1 to CSL2111 supplied from the column 
decoder 3. 

A pair of bit lines is connected to each of the data storage 
circuits 310, 311 to 312111. Specifically, bit lines BL0, BL1 
are connected to the data storage circuit 310, bit lines BL2, 

60 BL3 are connected to the data storage circuit 311, and bit 
lines BL4222, BL4223 are connected to the data storage 
circuit 312111. 

In the memory cell array 1, NAND cells are arranged. A 
NAND cell is composed of a series connection of, for 

65 example, memory cells Ml, M2, M3 to M6, or 16 
EEPROMs, a select gate SI connected to memory cell Ml, 
and a select gate S2 connected to memory cell Ml 6. The first 
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select gate SI is connected to bit line BLO and the second nected to the other end of the current path of the transistor 

select gate S2 is connected to source line SRC. The control 61/i. The first latch circuit L^(A) is composed of two 

gates of the memory cells Ml, M2, M3 to M16 arranged in clocked inverter circuits 61*, 61;. Tbe clocked inverter 

fach row are connected to word line WL1, WU. WL3 to circuit 61i is contr oiled S1 ^^^ 

select Une SGI and the second select gate S2 is connected ^ 

to select line SG2. Transistors 6Ufe, 61/ are connected in series with the node 

A block is composed of 4223 NAND cells. Data is erased N£ ^ Qf ^ lransistor 6U ^ connected to a node NC 

in blocks. The memory cells connected to a word line m the ^ latch circuit l/q^a). Signal VRFY1 is supplied 

constitute a sector. Data is written and read in sectors. In a 10 {Q ^ gate of tfae ^^{5^ signal VREG is supplied to 

sector, for example, two pages of data are stored. me current p am of the transistor 61/. These transistors 61£, 

FIGS. 10A and 10B are sectional views of a memory cell 61/ set a potential on the bit line according to the data latched 

and a select transistor. FIG. 10 A shows a memory cell. In in the first latch circuit LAT(A). 

a substrate 41, n-type diffused layers 42 serving as the A node NA in the first latch circuit LAT( A) is connected 

source and drain have been formed. Above the substrate 41, 15 via a p-channel transistor 61m to a terminal 62d. Signal 

a floating gate 44 has been formed via a gate insulating film PRSTB1 is supplied to the gate of the transistor 61m and 

43. Above the floating gate 44, a control gate 46 has been voltage VCC is supplied to the terminal 62d. The transistor 

formed via an insulating film 45. 61m sets the node NAof the first latch circuit LAT(A) at the 

FIG 10B shows a select transistor. In the substrate 41, high level in writing or reading the data. The node NA is 

n-type diffused layers 47 serving as the source and drain has 20 connected via a capacitor 61/i to the ground. The capacitor 

been formed. Above the substrate 41, a control gate 49 has 61* holds the charge at node NA m reading the data, 

been formed via a gate insulating film 48. The node NA is connected to the column gate (not shown) 

FIG 11 is a sectional view of a NAND cell in the memory via a transistor 61o and a clocked inverter circuit 61;? 

cell array. In this example, a NAND cell is composed of a connected in parallel. Signal SPB is supplied to the gage of 

series connection of 16 memory cells Ml to M16 of the the transistor 61a The clocked inverter 61p is controUed by 

configuration shown in FIG. 10A. On the drain side and signals Osac, Osacb (b indicates the mverted signal I. The 

source side of the NAND cell, there have been provided a transistor 61o transfers to the first latch circuit LAT(A) the 

first select gate SI and a second select gate S2 which have data supplied via the column select gate in writing the data, 

the configuration of FIG. 10B. 30 The clocked inverter circuit 61/> tactions as a buffer in 

FIG. 12 shows the data storage circuit 310 of FIG. 9. reading the data, on the other hand one end of the curren 

Since all the data storage circuits have the same path of a transistor d\q is connect ed to the node NE. Signal 
configuration, only the data" storage circuit 310 will be BLC2 is supphed to the gate of the 

j . . latch circuit LAT(B) is connected to the other end ot the 

One end of the current path of an n-channel transistor 61a 35 current path of the transistor 61* Tie second latch circuit 
is connected to bit line BLi. Signal BLTR is supplied to the 35 LAT(B) is composed of two clocked inverter circuits 61r 

^cl^^S^Z^pSS by signal s LAI2i LAT3B. Tne ^ond latch circuit LAT(B) 
u-ansistor 61c. The other end of the current path of the 40 itches the datt read from a cell 

transistor 616 is connected to a terminal 62«. Voltage VBLA Transistors 61/ 61« are connected in ser es with the node 
is supphed to the terminal 62*. Signal PREA is supplied to NE. The gate of the transistor 6lMs connected tc £ node NT) 
the gale of the transistor 616. Signal BLSA is supplied to the m the second latch circuit LAT(B). Signa^ I VRFY2_ s sup- 
o»t P nf the transistor 61c P Ued 10 the S ate of the transist0r 61u Sl 8 nal VREG 1S 

gate of the transistor 61c. , - c , nr aj supplied to the current path of the transistor 61«. These 
One end of the current path of an n-channel transistor 61d 45 sl W" " " ■ * ™„»i;„„ 
is connected to bit Une BLi+1. The signal BLTR is supplied transits 61 , 61« seta ^f.Z^^A^ 
to the gate of the transistor 6U. The other end of Recurrent to me data latched in the second latch cu^it LAT(B). 
path of the transistor 61d is connected to one end of the A node NB in the second latch circuit LAT(B con- 
current path of a transistor 6le and one end of the current nected via a p-channel transistor 61 v to a terminal 62e. 
Path of a transistor 61/. The other end of the current path of so Signal PRSTB2 is supplied to the gate of the transistor 61v 
L transistor 61, is connected to a terminal 62b. Voltage and voltage VCC is supplied to he termina 62 C _TJ 
VBLB is supphed to the terminal 626. Signal PREB is U-ansistor 61, sets the node NB of the second latch circud 
supplied to the gate of the transistor 61e. Signal BLSB is LAT(B) at the high level in verify read. The _nod NB is 
supplied to the gate of the transistor 61/. The transistors 616, connected via a capacitor 61* to the ground. The capacitor 
61 P /precharge the unseated bit lines to the potentials 55 61* holds the charge at node NB m venfy read 
VBLA VBLB according to the signals PREA, PREB. The An explanation of LAT(B1) and LAT(B2) w.U be given in 
transistors 61c, 61/ select a bit line according to the signals a second embodiment of the present invention. 
BLSA, BLSB. The operation of the above configuration will be 

The other ends of the current paths of the transistors 61c, explained. 

61/ are connected to not only a terminal 62c via a transistor «o As described earlier, the data in the memory cell and the 

61g but also a node NE. Signal BIAS is supplied to the gate threshold voltage of the memory cell have been denned as 

of the transistor 61g and voltage VCC is supplied to the shown in FIGS. 1 and 2. The data in the memory cell, or state 

terminal 62c. The transistor 61g precharges a bit line accord- "0" to state "3", are defined in ascending order, starting from 

ing to signal BIAS in reading the data. the lowest threshold voltage of the memory cell. In a 

One end of the current path of a transistor 61/i is con- 65 memory cell, 2-bit data are stored. The 2-bit data are 

nected to the node NE. Signal BLC1 is supphed to the gate switched using a first-page address and a second-page 

of the transistor 6V>. A first latch circuit LAT(A) is con- address outside the nonvolatile semiconductor device. 
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With the states defined as described above, when the 
first-page address is specified in reading the data, if the data 
stored in the memory cell is in state "0" or state "3", the data 
read out will be "1". 

If the data stored in the memory cell is in state "1" or state 
"2", the data read out will be "0". Therefore, the reading of 
the first page requires a total of two operations or judgments: 
a judgment whether the data in the memory cell is in state 
"0" or state "1" or above and a judgment whether the data 
in the memory cell is in state "2" or below or state "3". 

When the second-page address is specified, if the data 
stored in the memory cell is in state "0" or state "1", the data 
read out will be "1". If the data stored in the memory cell is 
in state "2" or state "3", the data read out will be "0". 
Therefore, the reading of the second page requires only one 
operation or a judgment whether the data in the memory cell 
is in either state "1" or below or state "2" or above. 

After an erase operation has been carried out, the data in 
the memory cell goes to state "0". 

(Cell Selecting Method) 

In a data read operation, a program verify operation and 
a program operation, one of the two bit lines BLi, BLi+1 
(i=0, 1,2...) connected to the data storage circuits 310 to 
312111 is selected according to an external address supplied 2 5 
from the outside. Furthermore, according to the external 
address, one word line is selected and two pages (one sector) 
represented by a solid line in FIG. 9 are selected. 

An erase operation is carried out in blocks represented by 
the dotted lines in FIG. 9. Erasing is done simultaneously on 30 
the two bit lines (BLi, BLi+1) connected to each data storage 
circuit. 

An erase verify operation includes two operations. In a 
first operation, verify reading is done on one (BLi) of the two 
bit lines (BLi, BLi+1) connected to the data storage circuit. 
The data read out is stored in the latch circuit LAT(A) of 
FIG. 12. Then, a verify operation is carried out on the other 
bit line (BLi+1). The logical add of the read-out data and the 
result of the preceding verify reading is stored in the first 
latch circuit LAT(A). The erase verify operation is repeated 40 
until the nodes NA of all the first latch circuits LAT(A) go 
low. 

After the erase operation and erase verify operation have 
been carried out, the data in the memory cell go into state 
"0". Even when either of the first-page address and second- 45 
page address is specified, the data read out is "0". 
Specifically, because the node NA of the first latch circuit 
LAT(A) is at the low level, the data read via the clocked 
inverter circuit 61p is "1". 

{Program or Program Verify} 

(First-page Program) 

FIG. 13A shows the operation of the first-page program. 

In a program operation, two pages (one sector) of memory 
cells shown in FIG. 9 are selected according to an external 
address. In the present embodiment, the program operation 
can be performed only in this order: the first page and the 
second page. Thus, using the address, the data on the first 
page is first selected. 

In the first-page program operation, the data on the first 
page is externally inputted (FIG. 13A, ST1). These data are 
stored in the first latch circuits LAT(A) (shown in FIG. 12) 
of the data storage circuits 310 to 312111 shown in FIG. 9. 
When data "1" (meaning that no writing is done) is inputted 
from the outside, the node NA of the first latch circuit 
LAT(A) in FIG. 12 goes high. When data "0" (meaning that 
writing is done) is inputted, the node NA of the first latch 
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circuit LAT(A) goes low. Thereafter, the data in the first 
latch circuit L^T(A) is brought to the potential at the node 
NAof the data storage circuit and the data in the second latch 
circuit LAT(A) is brought to the potential at the node NB of 
the data storage circuit. 

Then, the program (FIG. 13A, ST2) is executed. FIG. 14 
shows the operation sequence for various sections in the 
first-page program. As shown in FIGS. 12 and 14, if the 
signal BLC1 supplied to the gate of the transistor 61h is 
VCC+Vth, signal BLSA is Vpass, and BLTR is VCC, when 
data "1" (meaning that no writing is done) has been stored 
in the first latch circuit LAT(A), the potential on the bit line 
BL is VCC. When data "0" (meaning that writing is done) 
has been stored, the potential on the bit line is the ground 
potential VSS. The bit line must not be connected to the 
selected word line and the cells on the unselected pages (the 
bit line is unselected) be written into. For this reason, the 
potential on the bit line connected to the cells is brought to 
the potential VCC as that on the bit line to which data "1" 
is supplied. 

Here, VCC is applied to the select line SGI of the selected 
block, VPGM (20V) is applied to the selected word line, and 
Vpass (10V) is applied to the unselected word lines. Then, 
when the bit line is at VSS, the channel of the cell is at VSS 
and the word line is at VPGM, with the result that electrons 
are injected into the floating gate of the cell, thereby writing 
the data. On the other hand, when the bit line is at VCC, the 
first select gage SI is off. This raises VPGM, not VSS, with 
the result that the channel of the cell is brought to VPGM/2 
through coupling. Consequently, the cell is not programmed. 

In this way, the data in the memory cell into which data 
"0" is to be written goes to state "1". The data in the memory 
cell into which data 'T' is written remains in state "0". 

(First-page Program Verify Read) 

Next, program verify read is executed (FIG. 13A, ST3). 
FIG. 15 shows the operation of program verify read and FIG. 
16 shows the sequence for various section in program verify 
read. 

As shown in FIG. 1, in a first-page program verify read 
operation, a potential "b*" a little higher than the potential b 
in reading is supplied to the selected word line. Hereinafter, 
it is assumed that " f " indicates a verify potential which is 
slightly higher than the potential on the word line in reading. 

Next, as shown in FIG. 16, voltage Vread is supplied to 
the unselected word lines and select lines SGI in the selected 
block. Furthermore, signal BIAS supplied to the gate of the 
transistor 61g in the data storage circuit of FIG. 12 is made 
high (1.6V), thereby precharging the bit line. 

Thereafter, the select line SG2 on the source side of the 
memory cell is made high (Vread). When the threshold 
voltage of the memory cell is higher than the voltage "b"\ 
the memory cell is off, with the result that the bit line 
remains high. When the threshold voltage of the memory 
cell is lower than the voltage "b 1 ", the memory cell is on, 
with the result that the potential on the bit line goes low 
(VSS). 

When writing is done, the low level (data "0") is latched 
at the node NAof the latch circuit LAT(A) of FIG. 12. When 
no writing is done, the high level (data "1") is latched at the 
node NA. Thus, when signal VREG supplied to the current 
path of the transistor 61/ is brought to VCC and signal 
VRFY1 supplied to the gate is made high, fixing the bit fine 
from the floating state to the high level only when no writing 
is done. After this operation, the potential on the bit line is 
read into the first latch circuit LAT(A). It is when the 
potential at the memory cell has reached to the threshold 
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voltage or when no writing is done that the high level is When the data in the memory cell is in state "0", the 

latched in the first latch circuit LAT(A). Furthermore, it is memory cell turns on according to the read operation, with 

only when the potential at the memory cell has not reached the result that the potential on the bit line goes low. This 

the threshold voltage that the low level is latched in the first causes the low level to be latched at node NB and the high 

latch circuit LAT(A). 5 level to be latched at node ND in the second latch circuit 

Therefore, when the first latch circuit LAT(A) is at the low LAT(B). When the data in the memory cell is in state "1", 

level, the write operation is carried out again and the the memory cell rums off, with the result that the potential 

program operation and verify read operation are repeated 0 n the bit line goes high. This causes the high level to be 

until the data in all the data storage circuits have become latched at node NB and the low level to be latched at node 

high (FIG. 13A, ST2 to ST4). 10 nd in the second latch circuit LAT(B). The data in the 

(Second-page Program) second latch circuit LAT(B) of FIG . 17A indicates node NB . 

FIG. 13B is a flowchart for the operation of the second- Next, as in the first-page program, specific voltages are 

page program. applied to various sections. In this state, all the cells selected 

As in the first-page program, in the second-page program, are written into according to the data on the second page 

the data on the second page is inputted from the outside 15 stored ^ the ^ latch circuits LAT(A) (FIG. 13B, ST13). 

(ST11). These data items are stored in the first latch circuits (Second paee Verify) 

LAT(A) of the data storage circuits 310 to 312111. \ ^J* wr g indudes a first verify read (ST14) 

Uic operation of the second-page program differs greatly and second verff read (m5) The first vefify read (ST14) 

™l h l° f the first "P a f P r °S ram 1 10 mternal data load verifies whether or not the data in the memory cell is in state 
(ST12). The operation of the second-page program varies 2Q ^ ^ ^ of aQ{ 

according to the result of the operation of the first-page ^ ^ ^ ^ ^ J y ^ ^ fa ^ uy , 

^^cally, as shown in FIGS. 1 and 2, in a case where ^™ T ^ f ™H <fa« 

the data in the first-page memory cell is in state "0" (or ^J* 0 ™ * e °P? ratl0D of » «oo n ?-pagc first 

where no writing hi been done), when the data on the 25 verify read. FIG. 19 shows the sequence for various section 

second page is "0" (or when writing is done), the data in the m a second-page first verify read 

memory cell is set to state "3". When the data on the second In the verify operation, a read operation is earned out, 

page is "1" (or when no writing is done), the data in the with the potential V applied to the word line as shown in 

memory cell is allowed to remain in state "0". In a case FIG. 1. As a result, when the threshold voltage of the 

where the data in the memory cell is in state "1" (or where 30 memory cell has reached "b' M , the bit line is at the high level, 

the first page has been written into), when the data on the When threshold voltage has not reached <<b' , the bit line is 

second page is "0" (or when writing is done), the data in the at the low level. At this time, the cells that bring the data in 

memory cell is set to state "2". When the data on the second the memory cells into state "3" are also turned off. This 

page is "1" (or when no writing is done), the data in the results in verify OK. Thus, no writing is done in the 

memory cell is allowed to remain in state "1". 35 first-page write operation, making low the potential on the 

As described above, the operation of the second-page brines connected to the memory cells whose data is in state 

program varies according to the result of the operation of the , . 

first-page program. For this reason, it is necessary to check Specifically, when no writing is done in the first-page 

whether the data in the memory cell is in state "0" or state write operation and the data in the memory cell is in state 

"1" before writing the data on the second page and store the 40 "0". ^ internal i^l, 111 ^! 11 ^ node . m t ™ 

result of the check. Then, the data in the memory cell is read second latch circuit LAT(B). In this state, signal VREG 

and loaded into the second latch circuit LAT(B) in the data supplied to the current path of the transistor 61«of FIG 12 

storage circuit of FIG. 12, which is called an internal data is made the ground voltage VSS and signal VREFY supplied 

load (ST12). In the internal data load, the potential "a" of to the gate is made high. Then, when node ND of the second 

FIG. 1 is supplied to the word hne and a read operation is 45 !»<«* circuit LAT(B) is at the high level, the transistor 61/ is 

carried out. The result of the reading is stored in the second on > forcing the bit hne low. 

latch circuit LAT(B) of the data storage circuit. Next, as in the first-page verify operation, signal VREG is 

FIG. 17A shows the internal data load operation. FIG. 18 made the power-supply voltage VCC and signal VRFY1 

shows the sequence for various sections in the internal data supplied to the gate of the transistor 61/ is made high. Then 

load. The internal data load operation will be explained by so wh en the high level is latched at node NAof the first latch 

reference to FIGS. 17A and 18. circuit LAT(A) (or when no writing is done), transistor 61* 

Tne internal data load operation is almost the same as the turns on. As a result the bit hne goes high. After fos 

first-page verify operation of FIG. 16. While in the first-page JpwtiflB, the potential on the bit line is read into the first 

verify operation, the data read from the memory cell has latch circul t LAI (A). 

been stored in the first latch circuit LAT(A), the data is 55 As shown in FIG. 17B, it is when the cell being witten 

stored in the second latch circuit LAT(B) in the internal data into to bnng the data in the memory cell into state 2 , has 

load. Specifically, the bit line is precbarged in the same cached the threshold voltage or when no wntmg is done that 

manner as in the first-page verify operation of FIG. 16 and the high level is latched in the first latch circuit LAT(A). 

the data in the memory cell is read onto the bit hne. Moreover, it is when the cell being written into to bring the 

Thereafter, as shown in FIG. 18, the signals PRSTB2, SEN2, 60 data in the memory cell into state "2 has not reached the 

LAT2, BLC2, and VRFY2 are activated, thereby storing the threshold voltage or when the data in the memory cell being 

potential read onto the bit line into the second latch circuit written into is in state "3" that the low level is latched in the 

LAT(B). Namely, signal BLC2 supplied to the gate of the Atst latch circuit LAT(A). 

transistor 6lq of FIG. 12 is made high as shown in FIG. 18, {Second-page Second Verify Read} 
thereby turning on the transistor 61q. The potential on the bit 65 FIG. 17C shows the second-page second verify read 
hne is supplied via the transistor 6lq to the second latch operation. FIG. 16 shows the sequence for various section in 

circuit LAT(B), which then latches the potential. the second-page second verify read. 
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This verify is completely the same as the first -page verify first latch circuit LAT(A) is at the low level when the data 

operation. It is because there is no cell whose potential is in the memory cell is in state "0" or state "1", and is at the 

higher than the potential V" of FIG. 1 except for the cell high level when the data in the memory cell is in state U T 

which is brought into state "3". In the first -page verify, the or state "3". When the potential at node ND is outputted, the 

potential "a"' has been applied to the word line to verify 5 clocked inverter circuit 61p is activated, allowing the poten- 

whether or not the data in the memory cell has reached state tial to pass through the clocked inverter circuit 61p. As a 

"1". In the second-page second verify, however, the poten- result, data "1" is outputted at the input/output terminal Y10 

tial "c"' is applied to the word line to verify whether or not when the data in the memory cell is in state "0" or state "1". 

the data in the memory cell has reached state "3". Data "0" is outputted at the terminal YIO when the data in 

As a result, as shown in FIG. 17C, it is when the cell has 10 the memory cell is in state "2" or state "3". 

reached the threshold voltage or when no writing is done (or (First-page Read) 

when the high level has been latched in the first latch circuit Next> the data 0Q the ^ page ^ read the data 

LAI(A)) that the high level is latched in the first latch circuit outputted in the first-page read is "1", the data in the memory 

LAT(A). Moreover, it is when the cell has not reached the ce n ^ in state «q» or state « 3 » ^ shown in nG 2 . 

threshold voltage, that is, when writing is being done to 15 _ e . . „ . 

k«™ tuo :jr »L L it • ♦ * ♦ : « + a*» Therefore, it is first judged whether the data in the 

bnng the data in the memory cell into state 3 but state 3 _ „ ■ . ... * f^„ . . 44 KT A 

ii u ♦ / • ktt>\ u «u j . memory cell is in either state "2 or below or state 3 .Next, 

has not been reached yet (wntmg is NG), or when the data _ /. . . . . . . . ,, • • 

in the memory cell is being written to obtain state -T that JU $ %l ^ * "* ^ 

the low level is latched inlhe first latch circuit LAT(A). ei * er State * 0r State 1 0r above - 

Therefore, in the second-page verify , two operations are 20 {First Read °P eratl0n } 

carried out: a first verify read whereby the data in the In the first read operation, it is judged whether the data in 

memory cell is written to obtain state "2" and a second ^ memory cell is in either state "2" or below or state "3". 

verify read whereby the data in the memory cell is written FIG 21Ashows a first-page first read operation. The left half 

to obtain state "3". Moreover, when the first latch circuit of FIG 23 shows the sequence for the first-page first read 

LAT(A) is at the low level, writing is done again. In this way, 25 operation. The sequence in FIG. 23 is the same as that in 

the program operation and verify operation are repeated F * G - ^2 

until the data in all the data storage circuits have become First, to check whether the data in the memory cell is in 

high (RG. 9, ST13 to ST16). either state "2" or below or state "3", the potential "c" is 

When the data in the memory cell is in state "3", the applied to the word line, thereby reading the data in the 

threshold voltage is high. This makes it hard to write the data 30 memory cell. As a result, it is only when the data in the 

into the memory cell. For this reason, of the repeated memory cell is in state "3" that the high level is latched in 

program verify operations, the first several verify operations ^ e first latch circuit LAT(A) as shown in FIG. 21 A. 

of verifying whether the data in the memory cell is in state Moreover, it is when the data in the memory cell is in any 

"3" can be omitted. For the memory cells into which data in one of state "0", state "1", and state "2" that the low level 

state "2" with the low threshold voltage is written after 35 is latched in the first latch circuit LAT(A). 

several repeated operations, writing must have been com- {Second Read Operation} 

pleted. Consequently, after the program verify operation has Next, in the second read operation, it is judged whether 

been repeated several times, verifying the data in the the data in the memory cell is in either state T or state "1" 

memory cell which is in state "2" can be omitted. 0 r above. FIG. 21B shows a first-page second read opera- 

{Read Operation} tion. The right half of FIG. 23 shows the sequence for the 

In reading the memory cell, the data on the second page first-page second read operation, 

is first read. FIG. 20 shows the operation of reading a second First, to check whether the data in the memory cell is in 

page. FIG. 22 shows the sequence of various sections in either state "0" or state "1" or above, the potential "a" is 

reading the second page. 45 applied to the word line, thereby reading the data in the 

(Second-page Reading) memory cell. As a result, it is only when the data in the 

In the second page read, the potential "c", in reading is memory cell is in state "0" that the low level is latched in the 

applied to the selected word line. first latch circuit LAT(A). Moreover, it is when the data in 

Next, as shown in FIG. 22, Vred (4.5V) is applied to the the memory cell is in any one of state "1", state "2", and state 

unselected word lines and the select line SGI in the selected 50 "3" that the high level is latched in the first latch circuit 

block. Furthermore, a high-level BIAS is applied to the gate LAT(A). 

of the transistor 6Xg of the data storage circuit of FIG. 12, Here, signal VREG of FIG. 12 is brought to the ground 

thereby precharging the bit line. Thereafter, the select line potential VSS and signal supplied to the gate of the transistor 

SG2 on the source side of the cell is brought to the high 61/ is made high. When the high level has been latched in the 

level. When the threshold voltage of the cell is higher than 55 first latch circuit LAT(A), or when the data in the memory 

the potential c, the cell is off, with the result that the bit line cell is in state "3" in the first-page first read operation, the 

remains high. When the threshold voltage of the cell has not bit line is forced low. As a result, when the data in the 

reached the potential c, the cell is on, with the result that the memory cell is in either state "0" or state "3", the potential 

bit line is at the ground potential VSS. The data in the on the bit line is low. When the data in the memory cell is 

memory cell and the threshold voltage of the memory cell 60 m either state "1" or state "2", the potential on the bit line 

have been defined as shown in FIG. 2. Thus, when the data is high. 

in the memory cell is in state "0" or state "1", the potential Next, when the potentials on these bit lines are read into 

on the bit line is at the low level. When the data in the the first latch circuits LAT(A), if the data in the memory ceil 

memory cell is in state "2" or state "3", the potential on the is in either state "0" of state "3" as shown in FIG. 21B, node 

bit line is at the high level. 65 na of the first latch circuit LAT(A) will go low. If the data 

Next, the potentials on these bit lines are read into the first in the memory cell is in either state "1" of state "2", node NA 

latch circuits LAT(A). As shown in FIG. 20, node NA of the will go high. When the potential at node NA is outputted, the 
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clocked inverter circuit 6lp is activated, allowing the poten- is done is in state "2", the data in the memory cell is allowed 

tial to pass through the clocked inverter circuit 61p. As a to remain in state "2". Furthermore, when the data in the 

result, data "1" is outputted at the input/output terminal YIO memory cell before writing is done is in state "3", the data 

when the data in the memory cell is in state "0" or state "3". in the memory cell is allowed to remain in state "3". 

In addition data "0" is outputted at the terminal YIO when 5 , n a casc wfaere ^ ^ ^ fc U(y , wheQ ^ dala fa 

the data in the memory cell is in state "2" or state "3" memory ^ before ig done fc ^ ^ ^ ^ data 

With the first embodiment, a memory cell whose data is m the memory cell is brought into state "T. In addition, 

m state "0" is brought into state "1" in the first-page write wne n the data in the memory cell before writing is done is 

operation, and a memory cell whose data is in state "0" is m sta te "1", the data in the memory cell is brought into state 

brought into state "3" and a memory cell whose data is in io « 6 ». Moreover, when the data in the memory cell before 

state "1" is brought into state "2" in the second-page write writing is done is in state "2", the data in the memory cell 

operation. As a result, in reading the data, the data on the first brought into state "5". Furthermore, when the data in the 

page is read in only two operations: a first read operation for memory cell before writing is done is in state "3", the data 

judging whether the data in the memory cell is in either state m me memory cell is brought into state "4". 

"2" or below or state "3", and a second read operation for 15 . . 

judging whether the data in the memory cell is in either state Ne f> the verify operation will be explained. The verify 

"0" orstate«l" or above. Consequently, the numberof times ^^n* ca ™d out as in the case of four-valued data, 

the first-page is read is decreased. Specifically, in an internal data load, the data in the memory 

w . ... cell has been stored m the second latch circuit LAIYB) 

In the second-page write operation .the data wntten in the beforehand. Next, when the result of verifying a memory 

first-pap write operation is first latched in the second latch ™ cdl ^ which daU { maQ ^ data ^ ^ * ^ 

circuit LAT(B). Thereafter, the second-page write operation l0 be verified is written has shown verify OK, the data stored 

is carried out. In a verify operation with the data in state J , m the fot latch drcmt LAr (A) fa k t at ^ data ^ M 

the potential on the bit line of the memory cell whose data a result> the ^ of ^ lar K data int0 the m 

is m state "0* and is to be wntten to obtain state "3" is made ce u ^ continued 

low on the basis of the data latched in the second latch circuit 25 

LAT(B). This prevents the memory cell to be brought into With the ^cond embodiment, the third-page program 

state "3" from having been written into. As a result, the brin S s tne data the memory ceU into state "4", state "5", 

operation of writing data in state "3" into the memory cell state " 6 "> and state " 7 "- To store thrcc of tnese states > that 

into which data in state "0" has been written and the state "5", state "6", and state "7", for example, three second 

operation of writing data in state "2" into the memory cell 30 latch circuits LAT(B) are provided in the data storage 

into which data in state "1" has been written can be executed circuits shown in FIG. 12. LAT(B1) and LAT(B2) repre- 

simultaneously, enabling a high-speed operation. sented by broken lines indicate second latch circuits. In the 

Furthermore, in both cases where data in state "3" is ^terral data } oad > ^ ° f data in ea ° h mem0ry ^ fe 

written into the memory cell with data in state "0" and where f°* d * ^^JZL^™ SCC °° 6 ^ LArCB) ' 

data in state "2" is written into the memory cell with data in 35 ^C 1 * 1 * and W\P*h 

state "1", a high initial write voltage can be used, which In the verify operation of verifying whether or not the data 

realizes a high-speed write operation. in the memory cell has become state "4", when the data in 

In the first embodiment, 4-valued (2-bit) data has been the memory cell has reached state "4", the result of verifying 

stored. The present invention is not limited to this and may the ^ whose data takes state " 5 "> state "6", or state "7" has 

be applied to a case where n-valued (n^8, 3 bits or more) also shown OK. As a result, the data in the first latch circuit 

data is stored. LAT(A) becomes "1". To avoid this, the data stored in the 

(Second embodiment) ^ ret * alcn circuit LAT(A) connected to the memory cell 

FIGS. 24 and 25 show a second embodiment of the whose data takes state "5", state "6", or state "7" is kept at 

present invention, and more particularly a case where eight- 45 ™ ni * data . ? a ^? S t0 ' he data stored ^ the SeC ° nd 

valued (3-bit) data is stored latch circuit lja ^>- Then - lhe data 15 changed to data "1" 

I7T - ~ A c u n „, c tu„ ■„ , 11 j • . . « . , . which allows only the first latch circuit LAT(A) connected 

v 2t?J*Z^?2 , 7 i V Tf 10 ,he memor y <* u wh ° se data has been written to obtain 

voltages and the wnte data to be wntten onto and read from sta(e „ 4 „ tQ ^ verffy QK 

a nrst, a second, and a third page. In a write (program) 

operation, the data is written onto the first, second, and third 50 Similarly, in the verify operation of verifying whether or 

pages in that order. A first and a second write operation are 1101 tne data in the memory cell has become state "5", when 

completely the same as in the case of four-valued data. By me data in me memory cell has reached state "5", the result 

the first-page and second-page write operations, the data in of verifying the cell which is being written into to bring the 

the memory cell is brought into state "0" to state "3". In the data ™ me memory cell into state "6" or state "7" has also 

first-page, second-page, and third-page write operations, 55 shown OK. As a result, the data stored in the first latch 

when the write data is "0", the memory cell is written into. circuit LAX(A) connected to the memory cell which is being 

When the write data is "1", the memory cell is not be written written into to bring the data in the memory cell into state 

into. These data items are stored in the first latch circuits " 6 " or state " 7 " ^ ke pt at write data "0" according to the data 

LAT(A) of the date storage circuits shown in FIG. 12. stored in the second latch circuit. Then, the data is changed 

The third-page write operation is carried out as shown in 60 10 data " r which aUows onl y the first latch circuit LAT(A) 

FIG. 25. First, a case where the write data is "1" will be connected to the memory cell whose data has been written 

explained. When the data in the memory cell before writing t0 obtain state " 5 " t0 show verif y 0K 

is done is in state "0", the data in the memory cell is allowed Similarly, in the verify operation of verifying whether or 

to remain in state "0". In addition, when the data in the not the data in the memory cell has become state "6", when 

memory cell before writing is done is in state "1", the data 65 the data in the memory cell has reached state "6", the result 

in the memory cell is allowed to remain in state "1". of verifying the cell which is being written into to bring the 

Moreover, when the data in the memory cell before writing data in the memory cell into state "7" has also shown OK. 



